The immune mechanism by which hamsters acquire resistance to infection with Treponema pertenue, the causative agent of frambesia, or yaws, has not been elucidated. Serum The mechanism by which humans or experimental animals acquire resistance to treponemal infection has not been elucidated. A major obstacle in delineating the immune mechanism has been the unavailability of suitable inbred animal models. Inbred guinea pig and mouse strains are available; however, clinical manifestations oftreponemal disease have not been regularly induced in these animal species (3, 7, 23, 26, 32, 35, 36) . Although the rabbit is considered the animal model of choice for investigation of treponemal infections (1, 18, 32) , inbred strains are not readily available. The most direct method to determine the mechanism of immunity would be to confer resistance on normal recipients by transferring serum or cells from animals immune to treponemal infection. The unavailability of inbred strains compromises immunological studies involving the transfer of acquired resistance to treponemal infection. The efficacy of treponemal immune cells or serum cannot be guaranteed in recipient outbred animals due to allogeneic differences. Inbred hamsters, however, are readily available and develop extensive chronic skin lesions after infection with Treponemapertenue, the causative agent of frambesia, or yaws (5, 9, 10, 12, 14, 32; B. J. Rosenau, Ph.D. thesis, Harvard University, Cambridge, Mass., 1953).
The purpose of this investigation was to determine the mechanism by which frambesial hamsters develop resistance to reinfection with T. pertenue. Serum or cells obtained from hamsters resistant to frambesial infection were transferred to normal syngenic recipients, who were subsequently infected with T. pertenue. The ability of immune serum or cells to inhibit the development of frambesial lesions would provide evidence as to the mechanism by which the host acquires resistance to infection with T. pertenue.
MATERIALS AND METHODS
Animals. Inbred hamsters CB/Ss Lak(CB) were obtained from Charles River Breeding Laboratories, Inc., Wilmington, Mass. Hamsters weighing 80 to 100 g were housed six per cage at an ambient temperature of 18'C, a condition which facilitates the development of cutaneous lesions (14 (4) . Groups (5) and (6) represented hamsters that donated immune or normal (pure control) cells, respectively. Photograph of hamsters was taken 21 days after i.d. infection with T. pertenue. human frambesial disease. Frambesial infection is a relatively insignificant public health problem in the United States (16) and is endemic in only a few areas of the Americas (16) and the world (15, 24) . Second, the hamster has not been shown regularly to develop clinical manifestations of syphilitic disease (3, 18, 32, 35, 37) . Since syphilis is considered a major public health problem, utilization of the hamster as an experimental model of treponemal disease has not received great encouragement.
The immune mechanism by which the hamster acquires resistance to frambesial infection is unclear (17, (19) (20) (21) 27 ; Rosenau, Ph.D. thesis). The purpose of this investigation was to determine the mechanism by which frambesial hamsters acquire resistance to reinfection with T. pertenue. The most direct method to determine the mechanism of immunity would be to confer resistance on normal recipients by transferring serum or cells from animals immune to frambesial infection. In this investigation serum or cells obtained from hamsters resistant to frambesial infection were transferred to normal syngenic recipients, who were subsequently infected with T. pertenue. The ability of immune serum or cells to inhibit the development of cutaneous lesions and decrease the weight and number of treponemes in the lymph nodes provided evidence as to the mechanism of acquired resistance to infection with T. pertenue.
This investigation clearly has shown that serum obtained from hamsters immune to frambesia can confer partial protection on recipient hamsters infected with T. pertenue. Administration of immune serum to hamsters infected with T. pertenue inhibited the development of frambesial lesions (Table 1) . Immune serum, however, did not prevent infection of the hamster with T. pertenue since the inguinal lymph nodes contained a sizeable number of treponemes (Table 2 ). These results suggested that antibody-mediated immunity was involved in resistance of the hamster to frambesial infection.
Similar observations on the effect of passive transfer of immune serum had been made involving T. pallidum (4, 6, 25, 28, 34 Recently, Metzger and Smogor (22) demonstrated that normal rabbits infused with syphilitic immune lymph node cells were protected from a subsequent id. challenge with T. pallidum. Although these adoptive transfer studies were performed using outbred rabbits, the authors concluded that cell-mediated immunity was involved in protection of rabbits from syphilitic infection. In contrast, Baughn et al. (2) , using inbred rabbits, transferred syphilitic immune spleen cells and failed to protect recipient rabbits from infection with T. pallidum. Baughn et al. (2) concluded that cell-mediated mechanisms do not play a central role in immunity to syphilis. The results of this investigation clearly showed that immune spleen or lymph node cells conferred protection on inbred hamsters challenged with T. pertenue. The successful transfer of resistance to frambesial infection using immune cells, however, does not mean that resistance is T-cell mediated (cell-mediated immunity). Additional experiments are needed that will selectively remove thymus-dependent cells from the immune spleen or lymph node cell populations before any conclusions can be drawn as to the effect of T-cell-mediated immunity on frambesial infection.
Although immune serum and cells conferred INFECT. IMMUN. resistance on recipient hamsters to infection with T. pertenue, one might question whether the immune mechanism involved in frambesial infection is applicable to the other treponematoses, in particular, syphilis. This question can not be completely answered, although there is evidence to suggest that frambesial infection induces cross-immunity to syphilitic infection (17, 19, 20, 27, (31) (32) (33) . It is well-documented that patients who have frambesia are protected against developing syphilis (11, 27, 30) . Likewise, rabbits infected with yaws or syphilis show a substantial degree ofimmunity to challenge with heterologous treponemes (20, 33) . Demonstration of cross-immunity between the treponematoses suggests that similar immune responses are induced by the primary infection with the various treponemes. Therefore, experimental frambesial infection of the hamsters might be an alternative model to elucidate the immune response mechanism by which humans recover from treponemal and, more specifically, syphilitic infection. Finally, the results of this investigation demonstrated that hamsters have a number of parameters that can be utilized for evaluating the efficacy of a potential treponemal vaccine and monitoring the immune response to infection with T. pertenue. These parameters include: (i) the inhibition of cutaneous lesions, (ii) the weight, and (iii) the number of treponemes per inguinal lymph node. The inhibition of lesions has been the primary parameter by which the immune response of the rabbit (treponemal animal model of choice) has been used to monitor treponemal vaccination or infection. Since inbred rabbits are not readily available, hamsters possess some distinct advantages for determining the immune mechanism to treponemal infection.
